Ascorbic acid within chromaffin granules. In situ kinetics of norepinephrine biosynthesis.
Ascorbic acid requirements for norepinephrine biosynthesis were investigated in intact bovine chromaffin granules using the physiologic substrate dopamine and a novel coulometric electrochemical detection high pressure liquid chromatography system for ascorbic acid. 10 mM external dopamine, 1 mM Mg-ATP, and 1 mM ascorbic acid produced maximal norepinephrine biosynthesis without granule lysis. When external ascorbic acid was omitted, intragranular ascorbic acid was consumed in a 1:1 ratio with respect to norepinephrine biosynthesis. The initial concentration of intragranular ascorbic acid was 10.5 mM, which was depleted in stepwise fashion to 15 lower concentrations over the range of 9.2-0.2 mM. Chromaffin granules containing these varying concentrations of intragranular ascorbic acid were then incubated with 1 mM exogenous ascorbic acid, and norepinephrine biosynthesis from dopamine was determined. The apparent Km of norepinephrine biosynthesis for intragranular ascorbic acid was 0.57 mM by Eadie-Hofstee analysis and 0.68 mM by Lineweaver-Burk analysis. These data indicate that intragranular ascorbic acid is available and required for norepinephrine biosynthesis, that ascorbic acid is a true co-substrate for dopamine beta-monooxygenase, and that intragranular ascorbic acid is maintained by extragranular ascorbic acid. Continued norepinephrine biosynthesis in granules is dependent on both intragranular and extragranular concentrations of the vitamin. Furthermore, in situ kinetics of dopamine beta-monooxygenase for ascorbic acid may be most accurately determined using intact granules and the true physiologic substrate.